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Analyzing Environmental Microbes for Genomic Regions Promoting Ionic Liquid Tolerance in E. coli 
MATERIALS AND METHODS 
v  16 bacteria isolates were identified and characterized based 
on preliminary data from Jane Khudyakov at JBEI [1, 2].  
v  Bacteria from the Farallon Islands were screened on 2% 
[C2mim]Ac or 2% [C2mim]Cl, in enriched and minimal media 
[2].  
v  Microbes designated IL14, IL22, and IL26 were selected 
after isolate DNA was screened using 16S PCR. DNA was 
extracted using the CTAB method. 
v  Gene libraries were constructed using 30-50 kb gDNA 
inserts in a fosmid vector, and E. coli transformants were 
selected on 2% [C2mim]Ac and 2% [C2mim]Cl. 
v  IL resistant transformants for each library were stored for 
analysis after genome sequencing of the bacteria used for 
the libraries is completed. 
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RESULTS  & CONCLUSIONS 
Genomic regions that are found to be common among IL tolerant 
transformants expressing a gene library can be used to identify 
promising individual genes or groups of genes that promote IL 
tolerance. Further analysis of candidate genes can be extended 
using transcriptomics such as microarray or RNA-Seq, or through 
tracking growth in transformed bacteria using GFP-fluorescence.  
IL14, IL22, and IL26 were resistance to [C2mim]Cl, but not [C2mim]
Ac. Similarly, libraries from these isolates did not grow on [C2mim]
Ac and are currently being screened on [C2mim]Cl.  
Further characterization of bacteria from the Farallon Islands 
identified 7 promising candidates that grew on both [C2mim]Cl and 
[C2mim]Ac. We recommend that gene libraries be constructed from 
the following Farallon Island strains, designated as: IL15, IL31, IL34, 
IL210, IL215, CX32, CX38. 
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ABSTRACT  
Ionic liquids (ILs) are promising as solvents to 
increase the efficiency of biofuel production; however, 
ILs are toxic to microbes used in the fermentation of 
liquid fuels. To engineer IL resistant biofuel hosts, 
environmental bacteria were screened for tolerance, 
and these were used to create gene libraries to test in 
E. coli. Future characterization of these libraries using 
molecular techniques will be used to identify genes 
that contribute IL-tolerance to transformed microbes.   
 
BACKGROUND 
The tough cell walls that protect plants in nature also 
make it difficult to produce biofuels from carbon 
sequestering crops like switchgrass. The crystalline 
structure of lignocellulose in cell walls provides 
resistance to chemical or biological degradation, even 
after grinding the tissue into fine particles [1]. 
Ionic liquids (IL) are a class of salts that are liquid 
below 100°C, and some of these are capable of 
disrupting hydrogen bonds in the cell wall. IL 
pretreatment of biomass followed by enzymatic 
digestion of the cell wall offer a means of accessing 
sugars within the lignocellulose complex that has less 
of an environmental footprint than other methods [1]. 
After pretreatment and washing, the biomass may 
contain between 1% to 5% of residual IL. The toxicity 
of ILs to fermentative microbes makes it problematic 
to integrate these solvents into industrial biofuel 
production. However, a recent study at JBEI found 
that IL resistance can be transferred to E. coli, 
demonstrating that IL tolerance can be genetically 
engineered into microbes. 
In our project, further described in A. Richins' poster, 
bacteria isolated from the Farallon Islands were 
preliminarily screened on two ILs:  
1-ethyl-3-methylimidazolium acetate ([C2mim]Ac), 
and 1-ethyl-3-methylimidazolium chloride ([C2mim]Cl) 
[2]. Selected microbes were used to create fosmid 
libraries in E. coli, which was tested for growth on IL-
containing agar media. These methods will be used in 
future screening to identify genes that can potentially 
be used to engineer robust IL-resistant microbes for 
biofuel production. 
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Screening genomic regions that confer IL tolerance in E. coli 
For each library, clones (bars) selected by E. coli growth on 2% IL containing plates will be sequenced from 
fosmid insertion sites. Any common genomic regions among IL tolerant transformants will be further analyzed to 
identify individual genes or groups of genes (blue regions) able to confer IL tolerance. 
Lignocellulose is difficult to process due to the crystalline 
structure of cellulose. Chemical pretreatment with ILs 
increases access to the cellulose used for biofuel processing. 
1.  J. Khudyakov, et al (2012). Global transcriptome response to ionic liquid by a tropical rain forest soil bacterium, Enterobacter lignolyticus. PNAS, epub 14 May 2012 
2.  A. Richins, et al (2012). Screening the Farallon Island bacterial collection for ionic liquid tolerance to create genomic libraries. 
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16S PCR of bacteria isolate DNA 
Bacteria isolates from the Farallon Islands were screened with 
16S PCR using a bacteria-specific primer. The amplified DNA 
regions (1.4 kb; 1kb ladder on far right) were sequenced and 
checked against a DNA database. Fosmid genomic libraries were 
constructed using DNA from isolates IL14, IL22, and IL26 
Isolation of sheared DNA for 
gene library construction 
DNA was isolated from bacteria isolates was extracted using the 
CTAB method. DNA was mechanically sheared and run in a gel 
to isolate DNA between 30-50 kb for fosmid library construction. 
Processing liquid fuels from plant biomass: The role of IL in lignocellulose degradation 
Pretreatment of plant biomass is an important part of making liquid fuels (dark blue box). The hydrogen bond disrupting property of ILs is especially effective; but even after 
washing, the 1 – 5% of IL remaining in the biomass is toxic to microbes and thus prevents the fermentation of sugars (red box). 
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